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ons with Cosmology

=ToV Gamma-ray Astrophysics
=Theoretical aspects
=Ground-Based Experiments (ARGO-YB,
CANGAROO, HESS, MAGIC, Milagro, STACEE,
TACTIC, Tibat, VERITAS): latest results and
future plans
=Upooming Space Telescope GLAST

=Direct and Indirect Dark Matter Searches
=Update on direct searches
=New strategies of indirect detection
=First PAMELA results

*Neutrino Telescopes
»Amands, Antares, Baikal, IceCube,
Nemo, Nestor, EMaNeT'
*Latest AUGER results
SEe %

http://www.pd.infn.it/TeV/index. html

MR H A [ T AL
I i W COMESTAN, AT LS







: Ultra-High
latest observ




VHE INSTRUMENTS

MILAGRO

ARGONBJ




A MAJOR NEW INSTRUMENT

VERITAS operational

» T. Ergin

. VERITAS

- Crab spectrum
ICRC 07

Enargy (TaV)




5 sigma, 50 hours, > 10 events

EGRET
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VERITAS -

Large field of View experiments
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Past experiments HEGRA

Future experiments
Lo il 1 1 L i il 1

10° 10’ 10° 10°
Aldo Morselli 5/7/04 Photon Energy (GeV)




Jim Hinton
ICRC 2007
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MGRO J1308+06

RX J1T13.7-3946

] I i ‘1""\" o

& WA
ik

',.51,5“ - u.n

PR A S

MEH 15-52

PWhe

VWhipple

Durham

SNHs

He
Linidentilied

Binaries
Mol Clouds

AlsMs

HESS J1303-631 Vela X
1 R¥ JO852.0-4622

Pl ]

aHA

ul:l




_ < Tenma _--_-_-i\.lapanﬂsw:. A-ray. -
- =777y Satellites

< Hakucho = &

L
-

o A Eﬂmpmn GRO/

-
-

E
s~ COSB

L
€
o
e
=
=
Lo
[T
o
E
Lok
=<
=
|
=

—
o

Eu'"HE Y —rays ,.r"
=~ Ground-
s ® hazed

Dbservation

o« 1
1990 ‘ 2000

Source count versus year
[T. Kifune]




VHE SOURCE NUMBERS

2003 2005
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Ctie solirces
&

Diffuse emission

4

.

Radio/IR image
W28 @ 2-3 kpc

35 - 150 kyr age
Brogan et al. 2006
20/90 cm VLA

MSX 8 micron

APOD 2006/06/02

Radmf}{-ra;*;r image =
IC443 @ 1.5 I(pc
~30 I(',r'r age . %

®

MOST Radio image

RCW 86#@ 1-3 kpc
~1.6-140 kyr age
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[ THE NEw GALACTIC VHE y-RAY SOURCES j

Name

MAGIC

__C lass

Binary

| MAGIC

LST+61 303

MAGIC

Binary

RCW 86

HESS

| SNR

MAGIC

| SNR?

| HESS

Contributions (detections)

MAGIC, VERITAS

HESS

SNR?

HESS

HESS

| PWN/SNR

| HESS

(21.5-0.9

HESS

| PWN/SNR

| HESS

HESS J1023-575

HESS

Stellar Cluster?

HESS

MGRO J2031-+41]

Milagro

'

Milagro

MGRO J2019+37

Miiagm

K

| Milagro, Tibet

MGRO J1908+06

Milagro

?

| Milagro, HESS

HESS J0632+057

HESS

Binary?

HESS

HESS J1718-385

HESS

PWN?

HESS

HESS J1809-193

HESS

| PWN?

| HESS

HESS J1912+102

HESS

PWN?

HESS

HESS J1357-645

HESS

PWN?

HESS

+7 Unld sources!

HESS

?

HESS

| MAGIC, VERITAS




La population primaire: des électrons ?

RX J1713-3946

e Electrons: loi de puissance d'indice 2.4 + coupure exponentielle a 80 TeV
® Energie injectée: 10°0 erg

® Facteur €électron/proton: ~ 3 X

B=6uG
B =8 uG
B=10uG

La population primaire: des protons ?

¥ |
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Energy (eV : . : : :
o S ,,;;_;:_%és*'_\ s Distribution des protons : loi de pl..}lb.‘SEl.Ilvce +. u_)ppl.lre. e.§Ea(_)1'1e1'1t.1e.]le.
SRR aSeme- a2l E.ui= 120 TeV et indice = 1.98

— ® Energie injectée = 10™ ergs
® Facteur €lectron/proton =5 X 104
., ~E2 e Champ magnétique = 35 uG et Densité = 1.5 cm-3

Close correlation with X-rays
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Dense
molecular
cloud

Supernova
remnant

Compressed
shell of hot gas

Inverse Compton
scattering— y-rays
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Radio Infrared Visible light X-rays
gamma rays

X-ray, y spectrum
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New development

@ Milagro technique now clearly works!

@ Have all-sky monitoring and survey
capabilities at TeV energies.

@ Complements classical ICT method very
nicely.

Milagro

N ]
Venice TeV2o007 ‘Aug 28
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MILAGRO SOURCES AND CANDIDATES

& 7 year map

E y/hadron cut
raises median
energy to 20 [
TeV
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MGRO J1908+06
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« Confirmation of
: . . Milagro source
- - - by HESS

os- ILE.S.S. Preliminary —

Galactic Latitude (deg

- * First confirmed
e — TeV source not
_ detected by an
IACT RO J1908+0556
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DiFFUSE EMISSION WITH MILAGRO
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» Galactic plane emission, factor 2 higher than diffuse
predictions, seems consistent with ~50% unresolved sources

* Large scale (>10 deg) features seen in 'proton-like’ events —
interesting, but not gamma-ray astronomy — apparently

related to the tail-in anisotropy seen by Tibet Walker 672




-85° < | < 60°
-2.5°<b<25°

Survey region was extended in the
years 2005 — 2007 — many new sources EGRET

B Région scannée par HLE.S.S.

e —




Le relevé du plan galactique:
notre galaxie dévoilée en gamma

Sources > 4a:. 16 nouvelles (18 total), ApJ 636 (2006) 777

Gal Centre

HESS J1837-0&9 HESS J1825-137 HESS J1804-216
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TeV emission around old (>10* dyear old) SNR —
coincident with molecular clouds

« First evidence for p-p in SNR/Cloud interactions
« See e.g. Aharonian, Drury & Voelk 1996
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EE MAGIC5.7¢in 29 h
= Steep spectrum E -3.1:0:3

I VERITAS 7.16in 16 h

EE Consistent position

EE Position compatible
with dense gas, not
PWN, not shell

2 Interaction of hadrons
accelerated in SNR?

2 Morphology may be key
to interpretation

Declination (deg

Excess Counts / 10° sr

Y =0
| Humensky 1 ]-zu

el i e R e e e o e
925 93 935 94 945 95 955 96




: Chandra
X-ray filaments SN 1006

— large magnetic field

Chandra
Cassiopeia A




( PULSAR WIND NEBULAE

)

EE Major galactic
TeV source
population

= Associated with
relatively young
(<105 year old)
and energetic
pulsars

EE Generally
believed that
we see inverse
Compton
emission of
1-100 TeV
electrons
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[ ENERGY DEPENDANT MORPHOLOGY j

-~ ) -—_— ]
08-25TeV |

] (Funk 389 )

I HESS J1825-137 associated
with energetic pulsar

& Spectral steepening seen PSR J1826-1334
away from the pulsar :

EE Very likely this is evidence |
for cooling of electrons in 3
the Nebula
I= Seen in several X-ray PWN

E A first in gamma-ray
astronomy!




[ NEw PWN CANDIDATES

Kes 75
IE Youngest pulsar in

our galaxy Djannati-Atai 1057 | Kes 75
FE G21.5-0.9 C. _ i

% Also v. young -

IE HESS J1357-645, [Lemfere 109 1)‘
HESS J1718-385, z

HESS J1809-193, ol

HESS J1912+102 )

IE PWNe of middle aged : HESS J1843-033
pulsars A . s a4l

X Geminga?? 30.5 29.5 29 28.5

e C3 ‘hotspot’ from Galactic Longitude (deg.)
Milagro—-5.1 - 280

% 3 degrees across — [Abdo 735}

almost impossible for
IACTs...

Preliminary

& PSR J1846-0258 in T (HDPPE 259)




« Many results reported

« VERITAS
« 31 o/v h with 3 tels
* Whipple (Grybe 543
: Whipple (Grube 543)
«19c/vYh
« Curvature seen
» Peak: 77147 GeV

« HESS
« Up to 80 TeV

. Mil?:gll‘: Khelifi 986
irs (Yodh 710

spectrum
*50in50days(~20

q..

« ARGO YBJ

in 50 days for Milagro)

( Martello 0G2.7)

( Celik 1290)
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WESTERLUND 2

» Extended gamma-ray emission
covering (but offset from)
Westerlund 2

* Due to collective effects of stellar
winds in the clusters?

* A new source class?

* See also model of

Bowsfock
IRAS 10227-5730
—

[Anchordoquf 407)

Declination (J2000)

Declination (J2000)

L

L ] I ] T T l L L ] T I T T I

T

_hl | ey h[ (L hl ey i ' . |843MH% radio
m m

10730 10725 10"20™ 10"24™ 10M2o™

Right ascension (J2000)

|
10"20"
Right ascension (J2000)




GAMMA-RAY BINARIES

MICROQUASAR

BINARY PULSAR

Ultraviolet and
optical emission

f Microblazar Mirabel 2006

Cometary radio emmission

( Sidro 574 )

/

=

Microguasar: particles (electrons or

hadrons) are accelerated in a jet
Bosch-Ramon et al. (2006), Romero et al. (2007)

y-rays produced in the shock where
the wind of the young pulsar and the

wind of the Be star collide
Dubus (2006), Dhawan et al. (2006)




PSR B1259-63 LS [ +61 303

’B\
PSR

3.9yr

LS 5039




LS 5039 witH HESS

« Strong modulation
of flux and
spectrum with
orbital phase

« Beautifully
measured!
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« Absoption/
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[NEW HESS SourRces WITHoOUT COUNTERPARTJ

. 6 new Tev HESS J1731-347 HIEESS [1427-608

CEINERE)Y ] A Preting
sources > i - -

* none with
compelling
conterpart

* Relegated to
a poster!

HEESS J1857+026 HESS 11626-490

Prey

b - \ P
HESS 118574026 1 'i»E \ N ’”fmfa&ﬁ

o~ 5 A  (Kosack)

) HESS J1858+020. |




“Dark sources”

What are they?

(a) Sources "without” electrons:
B GRB remants (Atoyan et al.)

(b) "hidden” electrons?
e.g. HESS J1616-508

10"
E-< electron

e spectrum with

. cutcff, B=5 =G ¢

H:JE 10" = : o Ajﬁ

“'::'Ia.. _.-".. ‘l

2

L f’f 1|

E 1n-11— I| .I.l' -.lrl Ii

Tl Guzaku i -ll

- strotph/0608475 / .
B Old supernova remnants W R SERR 1 |

(Vamazaki et al.) = / / |
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[ GEV ACTIVITY

« Preparations for GLAST (launch Jan 2008)
« Understanding the diffuse background

« really critical for galactic sources "':5':_ =
. Expected science performance. . _Porter762, 766 ).

« Blazars (Carson 1211)

« Pulsars (importance of radio ephemerides) ‘(Guﬂ/emot 123@
* Also IC halos around massive stars

+ AGILE \(Of' lando 606)

« Blazar obs. together with TeV instruments —( Persic 363)

« EGRET reanalysis and interpretation
« Catalogue revision (diffuse model change){ Casandjian 155
« Excess from the Coma direction [Davou difar 507}

« Galactic diffuse emission
\Baughman 1116 )

« Studies relating GeV and TeV emission...




Ciel gamma EGRET -> GLAST

EGRET
=100 NMeV, mission entiére

+  x25 en sensibilité
+ De 271 sources a ~9000 &

* Enunan:

- 5 o pour flux>4.10" ph/cm2

- 30" pour flux = 107 ph/cm2/s
(sensibilité d'EGRET)

10-15 septembre 2007 Ecole de physique des 13
astroparticules

GLAST
=100 MeV, 1 an simulé



Origine de I'émission gamma
e, Cnrre?:latiu.n. 3{.—5}3:_7_1{113
+ Deux possibilités : = &)
- Origine hadronigue : collisions des
protons de haute énergie -> m°->yy
- Origine leptonique : électrons de haute

énergie
» Synchrotron _—
+ Compton inverse sur des photons i W
ambiants
+ En mesurant entre 30 MeV et 300 !
GeV, GLAST devrait pouvoir X
. ’ . ’ . « [ EGRET
différencier les deux scénarios : §p g -
e eI iy
e I B,

- Dans le cas leptonique, le spectra gamma @ |
en dessous de 100 GeV doit fre dur (a : ___1_ “]]
cause du spectre synchrotron)

—-— ImEmse Comslon

10-15 septembre 2007 Ecole de physique des : S s mrs 9

astroparticules T T I
Emergy (=¥




THE GEV/TEV CONNECTION

. Do Wwe see the same F‘”ug_ HESS J1640-465/3EG J1639-4702
- - £ - HESS J1745-303/3EG J1744-3011
source pOpUIBtIOI‘IS in the o [ HESS J1801-233/3EG J1800-2338
GeV and TeV domains? %"mg? HESS J1826-138/3EG J1824-1514
« Sensitivity mismatch of a “ic.--n—
factor 60 (EGRET lifetime /
5 h HESS survey) i
* Not many EGRET/TeV
positional coincidences ol
* But those that exist have
‘matching’ spectra ok
« This is expected by chance { Reimer 391, Funk 392
« Also MILAGRO/EGRET 0 E
coincidences seem U S —| | N

statistically significant o W
nargy (e
* Very extended objects? Abdo 735



Extragalactic sources
-AGNs =

=

& vt .




( EXTRAGALACTIC VHE GAMMA-RAY Souncssj

Contributions

VERITAS-Colin, HESS-Beilicke, MAGIC-
MILAGRO-Smith, VERITAS-Fegan, +
TACTIC-Godambe, MAGIC-Paneque, +
MAGIC-Wagner

MAGIC-Mazin

MAGIC-Hayashida

MAGIC-Hayashida

Name Discovered Year z

M 87 HEGRA 2003 0.004
Mrk 421 Whipple 1992 0.03]
Mrk 501 Whipple 1996 (.034
1ES 23444514 Whipple 1998 0.044
Mrk 180 MAGIC 2006 0.046
1ES 19539+650) TA 2002 0.047
BL Lac MAGIC 2006 0.069

PKS 0548-322
PKS 2005-489
PKS 2155-304
H 1426+428
1ES 0229+200
H 2356-309
1ES 1218+304
1ES 1101-232
1ES 0347-121
1ES 1011+496
PG 1553+113
3C 279

HESS
Durham
Whipple
HESS
HESS
MAGIC
HESS
HESS
MAGIC
HESS/MAGIC
MAGIC

2006
2005
1999
2002
2007
2005
2005
2005
2007
2007
2005
2007

0.069
0.071
0.116
0.129
0.140
0.165
(0.182
0.186
0.188
0.212
?

(0.536

HESS-Superina

HESS-Costamante
HESS-Punch, CANGAROO-Sakamoto, +
VERITAS-Krawczynski

HESS-Raue

HESS-Costamante
MAGIC-Hayashida

HESS-Puelhofer
HESS-Raue
MAGIC-Mazin

MAGIC-Wagner, HESS-Benbow

MAGIC-Teshima




( EXTRAGALACTIC BACKGROUND ABSGRPTION]

> M 87
Approx.
"Gamma-ray horizon’
Adapted from Martinez

e,
=]
-

Energy (GeV)

%Mrk i Y"-"HEYEBL —.% e+e-

% Mrk 180

B BL Lac
_PKS 2155-30
o
T C1{ESM011+406
3C 279

102 .__ 11 1 J.I y _..|...J.. S T - l L1 1 1 lL 1 i - l Y B
0 0.1 0.2 0.3 0.4 0.5

Redshift

£ 100 GeV threshold implies z < 1 (but need very
luminous sources!)




Extragalactic; EBE " . s f W% (11.L

Absorption par le fond diffus
extragalactique infra-rouge

v(TeV) + y(EBL) — e‘e

= =

it S?Em’ftﬁ lﬂvf?m'clf — Mesure du fond diffus
(D €15 COImpacits Cxiragalac 1que:3) ( g Cﬂsmmﬂgie )

(M. Lemoine-Goumard)




Le fond diffus extragalactique (2)

Flux [cm'25'1Te\f1]

| H 2356 (x 0.1)

| T =3.1+£02

" Source

EBL ¢~

v/

!

. spectrum ]
. =15

Bt
e
~,

1 ES 1101
= 29402 |

Prefiminary |

(M. Lemoine-Goumard)

Flux [cm'zs'WTe\ﬂ]

H 2356 (x 0.1) Tf

I =31£02

Source
——___ spectrum

1 ES 1101

=29+02 |

-?Limite supérieure
sur le fond diffus




EBL LiMIiTSs FROM VHE SPECTRA

HESS: Raue 568 |

Reduced by
1ES 0229+200

z=0.14

Confirmed by
1ES 0347-121

z=0.188




'BLLac (z = 0.069)

T + ON-data
IALPFA |
= Eﬂﬂl-- | OFF-data
I —j— -

-emﬁr e

snui—

200 Excess : 216 +/- 43

0= Sjgnificance : 5.1 ¢

Bt
% 10 20 30 40 50 60 70 80 90 221 22

IALPHAI [dec RA (J2000)

EE First Low energy peaked BL Lac observed at VHE
energies

I Steep (I" = -3.6+0.5) , not due to absorption — intrinsic low
energy peaked source

2 There will be many more if we reach lower sensitivity!




The most distant:
MAGIC - 3C 279 (z=0.536)

Flat spectrum radio quasar (FSRQ)
Strong and flaring EGRET blazar
Superluminal motion

3 > 0.99c, jet angle 2°-4° §=12-21

Piner et al, Ap] 588 (2003) 716

§ ° MAGIC~ [~ Preliminary
§2'5§_ 4 M. Teshima
LR SE S ICRE 2007
1.8 ; T :
o _..E._._ i _t e
| Pl |

?l:UI iy ITTLII ) I'F“I = I?‘B‘-ﬂ-l ! I.DD ot nza nre
Time (Julian Date - 2453000)

Wehrle et al., ApJSS 133 (2001) 297



3C 279: ONE NIGHT, 23*° FEB 2006

1 3cd7i-230eh Slusline- 2008, F{83.20 GeVA , HadsD 220 , Dlst(a0 250) [[excesses | 80_220 GEV
. 6-1 ﬂ' In Iow ... Eigniﬁganc&: 613

Energy band
« Post-trails?
«5.10
>220 GeV

« Surprising!

W 20 30 40 s &0 VO 30 40 &0 &0 TO
i

| 0 Ao ITE-2AFeb-tdueine-2 006, B 220604 G| . Had<h 138 . OhsiTo.30m

140 Significance: 5.07 o

Preliminar

o = aif T el
1284 1206 €206 129 1292 1284 1206 298 13 142 1304




MRK 501 FLARES

x10° x10°
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« June 30* flare has ~3 minute variability (but is not
so strong statistically), July 9t better measured but
slower

« First big flare seen by a third generation Cherenkov
instrument

« But...




Observations II: Rapid variability

i PKS 2155-304
= - 1 " E TR TR e 0,416 z
" FLES.S.
= ariv:0706.0797 ) July 28,2006
3.5E | Peak flux ~15 x Crab .
3 f ~ i ~50 x average |
= : V1, TR Doubling times
= X 67,116, 173, 178 £50 s |
2F |
- .-u'h E-H}C ~ 1,02 1D4
1'5:_ TR o ,_T |.|4.|.....d..u.._lr
E 7 oo
L R RN VLTV -
= N D A A N I ST . -, PN
z 40 60 80 100 120
Time - MJD53944.0 [min]

» No spectral variability compared to the low state

=> Causality arguments give to limit in the radius of emission



SIMULTANEOUS GRB OBSERVATION

H.E.S.S.

preliminary

I
in

HE.S.S. Events /(100 s)

W
—
-
o
o
22
=
-3
O
o
i
o
I,,_
—
<1
(4]

—
1500

« GRB 060602b — simultaneous observation with HESS by chance (2.5°)!
* But no redshift found — and may have been a galactic X-ray burster




( EXPERIMENTAL WORK: UPPER LIMITS )

« MAGIC
« 42 second mean repositioning time (Gaf' czarazyk 566)
« 23 follow-ups of GRBs (8.3% duty cycle)
« GRB0507133a, 40 second response, but no z known

« VERITAS + Whipple (Horan 406)
« Ongoing program. 3 GRBs obs. with VERITAS so far

« HESS
+ 17 follow-ups ((Tam 466 )

* 1 prompt GRB obs: GRB060602b ! ( Tam 454)
+ STACEE _
« MILAGRO ( Jarvis 409 )

» VHE band and 1-100 GeV  (_ Vasileiou 674, Aune 689 )
« ARGO YBJ

« Auger + LAGO + IceCu
( Bertou 1042,175 ) ( Kappes 1132 )

be (Girolamo 1034)




( EXPERIMENTAL WORK

« Several challenges for VHE GRB observations

* Redshift reach limited by EBL absorptionto << 1
* Roughly one third of GRBs

« Relatively small fraction have measured redshift — without
which limits are not meaningful

« IACTS
» Limited duty cycle, small FoV, response time

« Non-Imaging
« Sensitivity (angular resolution, eff. area, threshold)
« Many instruments routinely follow GRB triggers
« Whipple, VERITAS, MAGIC, HESS, STACEE,...

* Wide field of view instruments such as Milagro get more
bursts with zero delay — but worse sensitivity

« Several years of follow-up observations...




H.E.S.S. II
Mid 2009

MAGIC II
Mid 2008

Longer-term future

1 CTA Observatory
1 AGIS

1 HAWC

1 ...

» L. Drury




Les instruments

E* dMiE [oV.em’s

y mous: E < 10 MeV
INTEGRAL

3 = 3
1 b 1

- ﬂ. 5 -
@)
s

y de haute €nergie:
[0 MeV < E< 100 GeV

EGRET, AGILE, GLAST . : :
y de tres haute énergie

E > 100 GeV
HESS, VERITAS...




« VHE y-rays is currently a very active field

« Number of sources is rising rapidly but also the
precision with which the bright sources can be
measured

« E.g. Energy dependant morphology in HESS 11825-137,
6" location acc. at the Galactic Centre with H.E.S.S.

« The redshift range has been more than doubled!
« MAGIC detection of 3C 279

+ Expect >100 VHE sources at the next ICRC

« VERITAS is now fully operational
« First MAGIC-1I sources?

« and >1000 GeV sources from GLAST!




Now REAL Astronomy
at TeV energies!

@ Surveys and catalogues
@ Images and maps
@ Light curves

@ Spectra
And two complementary methods!

Venice TeV2007 ‘Aug 28
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The unified spectrum of neutrinos
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O
@\é Charge Ratio M odel Results |

—First high-statistics measurement of muon charge ratio in TeV energy range

1.6y
[+ MINOS Far Detector
X MINOS Near Detector
1.5 + L3C g
nkK Model

1.37

10" 1 10

* MINOS measurgi+ /4~ and fit to formulas
e best fit values: f. = A, /A- = 0.55; f{,=A /A- =0.67



& L
S Implications for > TeV atm v

fK+ — 0.67 9 AN9K+ / AN%K- — 2

Substantial contribution of associated
production (p 2 A K*)

Effect is amplified forv's:v /v, 2> 2

Important for atmospheric neutrino
background in neutrino telescopes

MINOS measurement will lead to improved
calculation of >TeV q,



o SK-III operating since July 12, 2006
 Hardware and software upgrades

e Full complement of >11 thousand 20"
PMTs plus outer (veto) detector

* Recalibration finished and first year data In
good agreement with SK-| + SK-II

e Potential for lower threshold for solar
neutrino analysis



Number of Events

400 k
300 F
200 F

100

400
300 f
200 f
100 f

200
150
100

50

Zenith Angle Distributions (SK-l1 + SK-II)

, ©

— V,~V, oscillation (best fit) Livetime
SK-I + SK-1l —= null oscillation oSK-I
Sub-GeV e-like 400 Sub-GeV u-like 200 multi-ring e-like 300 multi-ring p-like 1489d (FCPC)
- P<400MeV/c P<400MeV/c
150 - 1646d (Upmu)
: 100 SK-II
: 0 100 804d (FCPC)
. . 828d(Upmu)
1 05 0 05 1 -1 05 0 05 1 - 1 05 0 05 1
Sub-GeV e-like 600 F Sub-GeV w-like 300 PC through
P>400MeV/c P>400MeV/c
40
200 —= L-like
20 w—
. 100 + e-like
1 0 O-1 05 0 05 1
150

Multi-GeV e-like

150

100

50

cosO

0

1 -1 -08-06-04-02 O

cosO

L Upward through-going
non-showering p

0-1 -0.8-0.6 -04 -0.2 O
cosO

Upward through-going
showering p

100

50

O—l -0.8-06-04-02 O
cosO®

All distributions agree with oscillated expectations

SK-II



 L/E dip seen at first oscillation minimum
* No evidence yet for any non-standard
oscillations, only upper limits for

sterile neutrinos

oscillations increasing with energy
* NO sign yet of possible second-order oscillation
effects

three-neutrino effects

6hs
« MINOS In NuMi beam results consistent with SK



3 methods of supernova searches with newly installed criteria
was conducted.

Data set : from May 1996 to Oct 2005 :Total livetime: 2589.3
days (Livetime for 3rd analysis : 2381.3 days)

No candidate was observed

100% detection probability up to 100 kpc

SN rate within 100kpc(LMC,SMC,our Galaxy) is estimated
< 0.32 SN/yr @ 90% C.L.

Detection probability is maintained at a level of
7% for SN at Andromeda.

No candidate of neutronization burst observed



HE neutrinos The Projects

Antares
Nestor, Nemo

Amanda

lceCube

E::ii UE:EBLEH-&JIEEJU_" Ll SE

Spiering
TeV-llI




lceCube e

w2 2006-2007:

/ N 13 strings deployed
|CeTOp H i

Current configuration

- ARURCATIR - 22 strings
Al sh'ower 'detector (LR - 52 surface tanks
80 pairs of ice I
Cherenkov tanks ! R 2005-2006: 8 strings
Threshold ~ 300 TeV '5
i
Bt | 1456m B I B 2004-2005 : 1 string
Inlce — | . M

AMANDA-II
19 strings

Planned 80 strings of 60
optical modules each

677 modules
17 m between modules 4 1 AMANDA now
125 m string separation”*m 334 operating as part
2450m
of lceCube

Eiffeltornet

-talk of A. Gross
2007/08;: add 14 to 18

strings and tank stations Completion by 2011.



Neutrinos in IC9

m 9-string data
Iex erimentall data —— (2006)

R total simulation prediction
e+ c i icti -
: \ neutrino prediction | - Cosml c ray
100000 F  hy ; background
10000 | i Final Cuts seen with
_ —_— V% # - weak cuts
1000 Fatmae . ™ ¢ ] :
| B \f _ Atmospheric
100 | N : neufrinos seen
10 | e X ] with strong
N o cuts
1 Agreement In

event rate over
Achterberg et al. astro-ph/0705.1781 b decades

1e+07

L
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Spiering
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Data Sample

Data taking in 2006 from bheginning of
June until end of Movember

Total ivetime: 137.4 days

233 neutrino candidate events
selected by cuts.

From simulation, expect background
of

« 227 gtmosoheric neutninos (Banol
spectrum)

« = 10% mis-reconsiructed down-
going muons

werida, Mexico

Zenith
;.: D
EEE Adrrsarsl v B 115 Sir) b P
| I =1
[
] T —
.I'!Z | ‘ 1 1 1 ._ T ‘
*n; — ] ‘ |
sF | T
[
| |
h £ I T T T I -1.:i-|5|'-.l RIS 'I!Iﬂ it fﬂl T i
Landth
; - — [da
SIII:__— Almosphans kisuteno Smpbabon |
anl-
:II:I['
E
201
nf | R | ]
: JL M -
nl]: e} 120 183 it Lol 0 il
AZimuth

C.Fnley - ¥5hing lceCube Point Sowce Analysis |



Data Sample

Mis-reconstructed background
predominantly near honzon

2006: nine-string detector
configuration
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Atmospheric neutrinos

£2500-
3 _
= r Preliminary
92000~ 8200
&, - incl.
g | ANaRER Atmos. v
>1500— n
g F per 200 days
- . -
€ oof30 GeV! (trigger level,
:F | 1C22+AMANDA)
soo | 5400
- | IceCube Gross, Tluczykont, Ha, Rott, DeYoung,
= '. DHIV Resconi, & Wikstrom, ICRC 2007
D_lllll_l_‘_]tll —'lllIllllllllllllllllilll
0 1 2 3 4 5 6 7 8 9 10

log (E/GeV)

Spiering
TeV-llI



Atmospheric neutrinos

E 3| | . Bartol atm v ® AMANDA-II, unfolded K. Miinich
on 10 | Honda atm v atm v data of the years RICAP 2007
o 00 - 03
e spectrum
da
= measured
w 1'—.1..; up to 100 TeV
2 10 o

%

10
-8
10
v, + v,
-G
1 : A
Spierin ’ 3 3.5 4 4.5 5 5.5 6
g H log(E, /GeV)

TeV-ll
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Search for diffuse v flux

=

AMANDA-II
4yr NuMu analysis

L

[ 1 111K

AMANDA-I1 2000 atms. v, data (prelim.)
Barr st zl. atms. v + prompt atms. v
Honda et al. atms. v + prompt atms. v

Max uncertainty In stms. v

Frejus

MACRO

AMANDA B-10 1997 v, diffuze
AMANDA-I 2000 Cascadess (alHflavor / 3)°
AMANDA B-10 1997 UHE (all-flaver / 3)°
Baikal 1998 - 2002 { all-flavor /3 )°

RICE 1999-2005 ( al-flavor /3 )
AMANDA-I1 2000 unfolding (prelim.)
AMANDA-1 2000-2002 UHE limit {prelim.)
AMANDA-1 2000-3 v, limit

WEAB limit’2 (trarsparsnt sources)

Full lceCube 1 yr

* assumes a 1:1:1 flavor ratio at Earth

Gary Hill et al.
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AMANDA-II: 2000-2004 (1001 live days) 4282 v from Northern hemisphere

No significant excess found




Search for neutrinos from 32 candidate sources

event selection optimzed for both dNdE ~E? and E3 spectra

Acht erberg et al.
astro-ph/ 0611063

1. 20
equi v.
(random

nmaps)

-

nr. of v expected E-2 flux upper limit
: events background (99)% c.l)
St (5 years) (5 years) el
[10-11 TeVlcm2sl]
Markarian 421 6 7.4 7.4
M87 6 6.1 8.7
1ES 1959+650 5 4.8 13.5
SS433 4 6.1 4.8
Cygnus X-3 7 6.5 11.8
Cygnus X-1 8 7.0 13.2
Crab Nebula 10 6.7 17.8
3C 273 8 4.72 18.0

PAAISSUO SS9IX3 JuedlIubis oN



First lceCube All-Sky Map

Significance (sigma)

Diata Events (points); Galactic Plane {curve)
Results:
The maximum deviation is 3.35 sigma, atra. = 276.67  dec =20.4°.

Random clustering of background: 60% of simulated background trials (data scrambled in
right ascension), have a maximum deviation (anywhere) of 3.35 sigma or greater.

Chance probability of the hottest spot = 60% ... not significant.

Mendao, Mexico C.Anley - ¥ Shing lceCube Point Sowce Analysis 10



ANTARES: Conclusions and Outlook
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Antoine Kouchner
Major step forward during the last year

Detector working well within design specifications:
* Junction Box in operation since Dec. 2002
* 5 lines delivering data on the site
* All technical problems solved

12 lines detector complete early 2008:
Operation for science = 5 years

Milestone towards a KM?3 underwater detector

Candidates for

first undersea neutrino !!




Zenith angle distribution
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After quality cuts

5 lines 2007 data
No alignement
ANTARES PRELIMINARY

number of events
—h
o
w

10° =
- Indicates good angular

10 2_ resolution
o Tl sl
-1 -0.8 -06 04 0.2 -0 0.2 04 0.6 0.8 1

cos 06




NEMO-Phase 1

300 m

.'/m' > Junction Box
@, - . _" 7
- TSS Frame - o o = * il
Spiering * o* L 40
TeV-lll “eens R '

Full tower, 16 floors ‘

Same electronics 2 N <
like Phase-1, ' )

2 floors to test new
concepts

100 km cable,
deployment in
summer 2007

Latitude

Completion of shore
station early 2008

Down-gojng u (jan 2007)

Tower deployment 5 =L
m|d 2008 Longitude




Quest for cosmogenic v

 Motivated by Indication of GZK feature In
UHE cosmic-ray spectrum

« Cosmogenic v (fromp+ y,-2 n+ 1 2 V)

— Probe evolution, composition, spectra of extra-
galactic cosmic-ray sources

— Goal: >1000 km3sr, > 100 events/yr, E >1018 eV
— RICE, AURA, ANITA, ARIANNA at this conference
— Acoustic detection in Ice another possibility




(N. Busca)

Pure protons Mixed
' L L T T T ||'|"|'lll;"ll"""'llr!l""l'rll'r'l"ll
10 L OF)-E mﬁﬂg::’mm 10 | QfE) -E ® HAes | (mono) | |
o~ FE_=100"ev 1 7 e _«a210™ev e |
& __Strong fi=2.4 . e
- I {1
: E o
Cosmic rays 5 | 4
s b
4 \ 6 -5 i
s X Uniform f=2. 5
= ' 'nSFR =25 —
Tw \ W
” 0SFR =25 X
o1 | Eﬂ-' 3 1a:|stmng|5-"l
= | ® HRes 1 (mono) & (b) 6SFR =22
[ # HiFes 2 {mono) EC] mm ﬁ__g
'y M T I T i85 19 195 20 206 17 175 18 185 19 1895 20 205
wnf Ewe ]
Strong source evolution |_ _ _praian 3

Neutrinos

EnE) (mZ.sr'.s")

FEPTTIEEY S TR PR TTE FETTE PTe e

s 10 ki )
12 13 14 15 16 17 18 19 20 12 13 14 15 16 17 18 189 20
log, E(eV) log,  E(eV)




(o)

EeV

Earth-skimming v
90°

e
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Tof Overview

+- Radio in ice:
— RICE, ANITA, AURA, ARIANNA-type (all
Antarctica), SALSA (salt)
m Radio in Moon:
— GLUE, NuMOON, ...

m Radio in air:
— FORTE (from space), LOPES, ...

m Horizontal air showers:
— AGASA, HIiRES, Auger, EUSO, ...

m Acoustic detection:

— SAUND (Caribbean), SPATS (South Pole),
AMADEUS & others (Mediterranean),
Baikal, SALSA (salt dome),

o Permafrost (Siberia), ...
Tev.il




Detector was tested in pulsed electron beam at SLAC

— J. Kowalski
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Conditions for coherent radio emission

1. Net excess charge

2. A, > shower dimensions

REGOLIT
\ MHz — GHz antenna array
— N\
T ez \\\
- =3 A0
L] — =
% oo o 0/:950' ? '}
Diffraction by a slit o0 00 0 ¢ 0-75 ®
AB ~ (VL)1 000000600



Present and projected limits and
event numbers

RICE limits, 3500 hours

—5——  RICE limit, 2004
=Pl GLLETIN, 20 GLUE limits, 120 hours

Minimal GZK, std.

GZK, purg lron nuctel

ANITA sensitivity, 45 days
total:

&3 ~b to 30 GZK neutrinos
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-3 ANITA, 3tights
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- Auger: tau neutrino decay
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*** Determine the Origin of UHECRs ***

Energy Spectrum
features? ankle, GZK; injection? Propagation?

Composition
protons, nuclei, photons, neutrinos

Arrival Direction Distribution
anisotropies?




Hybrid Era

HYBRID SD only FD only

Energy A & M indep depend Independ

Aperture E, A, Mindep Independ depend

Angular
Resolution

E= energy, A= mass, M = hadronic model




Auger: energy calibration

Selection of high quality hybrid

Esp= 107X S [eV] data without introducing biases
- + (talk on elongation rate by
B =1.1020.02 . M. Unger [Auger Collaboration])

= 387 events

= = Correlation of S, and Eg

Energy resolution

Mean -0.02+0.01
G 0.1920.01
¥*ndf 26.65/12

Number of Events

U_E
E

2 = 18%
FD .
[ . Lo 3 '

U | . T | | L | -
/‘ -1 -08-06-04-02 -0 0204 06 08 1
Bn/ﬂ (ESD_EFD)!EFD




Uncertainty on the energy
scale

source systematic uncertainty

Fluorescence yield 14% AirFly
measurements

P, T and humidity effects 7%
Calibration 9.5%
Atmosphere 4%

Reconstruction 10%

Invisible energy 4%

Total: 22%

(improvements expected soon...)




Energy spectrum from SD showers with 0 <

60°

10" 2x10" 3x10"

I Slope = -2.62 £ 0.03 |

-
~o 79
» 54
'|'~ H

<o+ calib. uncert. 10%
«—¢— D syst. unc. 22%

>10196 eV 132+ 9

> 1020 eV

o2 5*-,

Exp.

30+25 2

significance = 6o

o M

5165 km? sryr ~ 0.8 full Auger year

[ | ! |
186 188 19 19.2 194 19.6
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= HiResll

» Auger 2007
this work

Uncertainty in Energy
scale is achieved to be

22% and still being
reduced.

A significant difference
from HiRes spectrum at
below 10 EeV.

Slope at Highest End
Auger vy=-4.110.4
HiRes y=-5.140.7
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Spectrum facts

There 1s an ankle There 1s a “cut-off”

==mp How to interpret it? ===) How to interpret 1t?

Galactic/Extragalactic transition? GZK suppression?
or or

Spectral feature from pair-production Limit of the acceleration process?
energy losses of pure-proton UHECRS?

==p analyse composition! == analyse arrival directions!




Analyse : Auger spectrum

Comparison with Pure Proton Model
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D.Allard, et al. Astropart.Phys., 27, 61, (2007); astro-ph/0512345




*** Determine the Origin of UHECRs ***

Energy Spectrum
features? ankle, GZK; injection? Propagation?

Composition
protons, nuclei, photons, neutrinos

Arrival Direction Distribution
anisotropies?




Rise time in shower front

Curvature of shower front <100 . —
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Auger 20years operation will reach to GZK gamma flux of ~0.1%



Composition

Apparemment. ..
Présence de noyaux !
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<Xmax>

Xmax Auger and HiRes
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Auger Xmax suggests mixed composition
HiRes claimed proton dominance abovel08eV
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*** Determine the Origin of UHECRs ***

Energy Spectrum
features? ankle, GZK; injection? Propagation?

Composition
protons, nuclei, photons, neutrinos

Arrival Direction Distribution
anisotropies?




Auger anisotropy results

Angular resolution of ~1°: good enough!

No large-scale signal (dipole) at any energy above 1 EeV
e.g. a<0.7% for 1 EeV<E<3EeV

No significant emission from Galactic Center

No signal from BL-Lacs as possibly seen by HiRes

==> pone¢ of the previous reports has been confirmed. ..

Two prescriptions are being tested...
Stay tuned!
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| Significance, 10019 Events, 17.5 <E < 18.5
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Significance plot for

-40[

1017.5 < E < 1018.5 eV. :

Right Ascention, Degree

Akeno/AGASA result




Energy scale problem

What is ankle?

Chemical composition at UHE

Break in energy spectrum at 4x101%V

Medium scale anisotropy




Number of events, dN/dE

168 17 17.2 174

Log E (eV)

16.6

141 radio-detected
showers in coincidence with
particle detector array

South direction

?{i’ Small

Shower deficit in the

number of events
Geomagnetic field direction

Radio-detection of UHECR by
the CODALEMA experiment

Effective time : 170 days

141 cosmic ray showers radio-detected
Counting rate : 0.8 events/day

43 showers with energy known (Internal)

330

" Anfenna data .

East Z 0
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around g

A Geomagnetic Field
@ Nangay
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Telescope Array: 512 scintillators + 3 FD
sites
~95% construit + en phase de
commissionning
+ Tale (exetension a basse énergie)

The Pierre Auger Observatory - 2 Sites

—— Need for 2 sites realized since beginning of project

AGER,
Northern Site: Colorado

*Retain features & functionality of Southern Site
*Hybrid detection & energy calibration
“Water Cherenkov surface array

+4000 stations, 10,370 km?
*Square mile grid

Altitude and latitude
are similar

Southern and
: Northern sites
Southern Site: Mendoza are shown at
the same scale
*Hybrid detection & energy calibration
“Water Cherenkov surface array
+1600 stations, 3000 km?
+1.5 km triangular grid
*Completion end 2007
+*Science flowing — 38 papers here

30™ ICRC Merida, Mexico  July, 2007

MUlard Colnty in Utan/ISA

3000 6000

- TALocations
Communication Towers

Fluorescence Locations
Cenral Laser Facity
=




+ Foisonnement d'activités expérimentales
*  Amélioration tres impressionnant de la qualité des mesures [EREEEES

ictions and

* Analyse mUIti - messager‘s Fantasies
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 CR: from knee to ankle

» Understanding of cosmic ray interactions

 Matter and anti-matter in CR

» Dark matter direct searches




